The Farnsworth-Munsell
Demyelinating optic neuritis (DON)'2 is a relatively common condition, usually affecting young adults, which often causes a profound disturbance of optic nerve function. A marked reduction in colour discrimination is frequently found in the affected eye along with other manifestations of optic nerve dysfunction. In the majority of cases the visual function, including colour vision, gradually improves as the patient recovers. A significant number of patients complain of reduced function in the affected eye when compared with the non-affected eye. Colours look 'washed-out', and this symptom can be enhanced by fatigue or a rise in body temperature. 34 Acquired defects of colour vision are often categorised by reference to the characteristic defects ofcongenital colour vision abnormalities. These are deutan, so called green blind, protan, so called red blind, and tritan, so called blue blind.5 Acquired defects of colour vision have been further classified by Verriest6 into Type 1 (red/green, protan-like with little or no blue/ yellow discrimination abnormality), Type II (red/green, deutan-like with a concomitant mild abnormality of blue/yellow discrimination), and Type III (blue/yellow with a lesser abnormality of red/green discrimination). Optic nerve disease, such as DON, is reported to produce Type II red-green colour defects on colour vision testing, while in contrast, macular disease is reported to produce Type III blue-yellow defects.6-'2 There are well recognised exceptions6 1"14 to this Kollner rule,7 notably glaucoma which commonly produces a Type III tritan defect of colour vision.'5 It is postulated that Type II red-green defects occur in optic neuropathies such as DON, in which the papillomacular bundle has been disturbed, producing a central field defect with reduced visual acuity, whereas Type III tritan defects occur in optic neuropathies such as glaucoma where there is relative sparing of the central visual function. '2 It might be supposed that, in subtle cases of DON where the diagnosis may be in doubt, the finding of a red-green defect would be of some diagnostic value. However, it has proved impossible to use the different colour defects to distinguish partially resolved DON from a disturbance of the macula such as central serous retinopathy. 16 The Farnsworth-Munsell 100 hue test (F-M 100) is one of the most widely used clinical tests of acquired defects of colour vision. It was originally conceived as a test of congenital colour abnormality,' '7 but has come to be used for categorising and quantifying acquired defects.6" 18 It is reported to be one of the most useful clinical tests of acquired colour vision defect in optic nerve disease," " and more particularly optic neuritis.20 Optic neuritis patients have a generalised loss of colour function but are able to make at least minimal discriminations in all directions in colour space, hence the failure of most tests using pseudo-isochromatic plates, which rely on absolute defects, to demonstrate the disturbance of colour vision.2' The F-M 100 Visual acuity and total error scores were compared using the Spearman rank correlation.
Separate data matrices were constructed for the affected and non-affected eye at all three examinations. The rows of a given data matrix were formed by the individual sets of 85 error scores in the F-M 100, its columns containing errors scored by all the subjects in discriminating the same colour cap with the same eye at a given examination. Because the distribution of error scores is not normal, especially at low scores, non-parametric Wilcoxon signed rank and Mann Whitney U tests were applied as appropriate. To compare the colour discrimination of the affected versus non-affected eye or of the same eye in the course of the disease, the pairwise comparisons of column data in the two corresponding matrices were used to produce a graph of normalised z-scores versus colour cap number. To determine whether certain colours are discriminated better or worse than others, the column data for all pairs of columns within the same matrix were compared. The resulting 85 x 85 square symmetrical matrix also contains normalised z-scores and is graphically represented in two dimensions as a binary matrix with units corresponding to z-scores exceeding the specified threshold of significance. Table 2 details the individual F-M 100 total error scores (TES) and LogMAR visual acuities of the patients at all three examinations.
Results
Patients with a visual acuity of LogMAR 0X86 Table 3 summarises the change in total error scores among the three examinations for Group A (n= 12). The affected eyes show significant improvement in total error score with each subsequent examination and are significantly worse than the non-affected eyes at every examination. The non-affected eyes show significant improvement from the 6 week to the 6 month examination. Table 4 summarises the change in the total error scores between the 6 week and 6 month examination for Group B (n=23). Again, the affected eyes show significant improvement in total error score and are always significantly better than the non-affected eyes. Table 5 shows the persistently significant total error scores of the affected eyes when compared to the non-affected eyes at 6 months for Group C (n=27).
Twenty nine patients (97%) showed improvement of colour vision in the affected eye with time, with one patient unmeasurable with the F-M 100 at any examination. The most significant improvement had occurred by the 6 week examination with some further improvement at 6 months (Tables 3 and 4) .
At the initial examination 27 The Spearman rank correlation between visual acuity and total error score in affected eyes was 0-767 (p=0-004, n= 12) at presentation, 0 357 (p=0 095, n=23) at 6 weeks and 0-531 (p=0004, n=27) after 6 months. There were no significant correlations from the non-affected eyes.
Conventional polar diagrams (Fig 1) were produced from the F-M 100 test of each patient at each examination. The diagrams were inspected for recognisable axes of colour defect using Farnsworth's original criteria.5 Results are summarised in Table 6 . Very few patients demonstrated any recognisable pattern of colour defect at any of the three examinations. Two blue-yellow defects were found at presentation but were not seen thereafter. Two red-green defects were seen at 6 weeks and three after 6 months but the later defects were in different patients.
Individual error scores for each coloured cap of the test were then group-averaged to produce a pair of polar diagrams at each examination for affected and non-affected eyes. Three pairs of such diagrams for the affected eyes of Group A are summarised in Figures 2A and 2B and for the non-affected eyes in Figures 3A and 3B . Statistical analysis of the change in pattern between the first examination and 6 week examination of the affected eyes is shown in Figure 4 . At the initial examination the affected eyes show a bipolar tritan defect centred at approximately caps 48 and 5 (Fig 2A) 6/6) or better only two had definitely abnormal colour vision in the affected eye by the age-matched limits of normality of total error score. In contrast to the visual acuities however, the total error scores of the affected eyes of these 14 patients were significantly worse than the non-affected eyes (p=0-017), indicating that defective colour vision is an indicator of a previous episode of DON despite the recovery of normal visual acuity.
There was some slight improvement in the non-affected eye over the three examinations although this only reaches statistical significance for Group A from the 6 week to the 6 month examination (Table 3 ). This could represent recovery of a subtle lesion of the asymptomatic eye as has been suggested by magnetic resonance imaging and VEP measurement in patients with DON.36 Indeed three of our patients had a significant delay in the VEP of the non-affected eye. A more likely explanation is that there is probably an improvement in total error score of the F-M 100 with repeated testing in normals,56 although this has been denied by at least one author. '9 From a clinical point of view there is no doubt that the F-M 100 with its numerical score of colour discrimination provided confirmation and valuable reassurance to both patient and doctor that vision was improving. A compressive lesion of the optic nerve probably represents the most important differential diagnosis and a progressive recovery of visual function would be unlikely in such a situation.
A search for a recognisable axis of defect using the F-M 100 in an individual suffering from DON does not offer any diagnostic value but analysis of our data has demonstrated a significant Type III tritan axis of colour defect early in the acute phase of the disease.
